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INTRODUCTION
The hydrolysis of cyclopentodienyl titanium halides has produced metal 
oxide rings, ’ chains,^ and partially reduced cages 3 The compounds 
investigated contain bulky organic ligands Base hydrolysis of Cp*TiClj has
been used to prepare organo titanium oxide cage complexes An alternative 
method for preparing organometel oxide complexes has also been 
investigated. Reaction of the metal halides with silver oxide may result in 
the non-hydrolytic formation of new oxide complexes.
EXPERIMENTAL
Reagents. Solvents, and Procedures:
Pentamethylcyclopentediene (Cp ) was prepared according to literature 
procedures.4 The tert-butyl lithium (Aldrich, 1 7M in pentane) was used 
without further purification. Anhydrous hydrochloric acid was dried by
bubbling it  through concentrated sulfuric acid. The TiCl3 3THF (THF =
tetrahydrofuran) was prepared according to literature5 and stored under 
nitrogen. Silver nitrate (Alfa) and sodium hydroxide (Fisher Scientific) 
were used without further purification. The ammonium hydroxide was ten 
percent in solution by volume. The triethylamine (Mallinckrodt) was used 
without further purification. Basic aluminum oxide (Brinkman) was used as 
received.
Pentane and diethylether (Mallinckrodt) were dried over 
sodium/potassium alloy and distilled prior to use. Toluene (Mallinckrodt) 
and acetone (Fisher Scientific) were used without further purification. 
Tetrahydrofuran (Aldrich) was dried over benzophenone ketyl and distilled
2prior to use.
The infrared spectra were taken as mineral oil (nujol) mulls between 
KBr plates on a Perkin-Elmer 1330 spectrophotometer. Spectra were 
referenced to the 1601, 1026 cm-1  bands of a 0.5 mm thick polystyrene 
film. The *H NhR spectra were recorded on a General Electric QE 300 
spectrometer at 17°C in CDClj. Elemental analysis were performed by the
liicroanalytical Laboratory at the University of Illinois, Urbana.
Preparation of Cp*TiCl3
This preparation is sim ilar to literature procedures6 Reagents ere 
handled in a nitrogen atmosphere drybox or in schlonkware.
Tert-butyl lithium (20 mL, 3.4 X I0 ‘ 2 mol) was diluted in pentane
Pentamethylcyclopentadiene (4 mL, 2.55 X I O' 2 mol) was added via syringe
to the stirred pentane solution. The solution was yellow and white solids 
formed. The reaction solution was stirred 24 h. The solution was filtered 
via cannula from the white solids, and the solids were washed w ith pentane 
(2 X 50 mL). The product was suspended in tetrahydrofuran (100 m l) and
transfered via cannula to T iC lj 3THF (10 gm, 2.70 X 10' 2 mol) suspended in
tetrahydrofuran (20 mL) and stirred at room temperature for 24 h. The 
reaction mixture turned a dark green-black color. The solvent was removed 
under vacuum leaving a black solid. Anhydrous hydrochloric acid was 
bubbled into a 1:1 mixture of pentane/diethylether (50 mL, 50 mL) and 
transfered via cannula to the crude reaction product which gave a red 
solution and white solids. The reaction mixture was stirred 1 h, the solvent 
removed and the solids dried under vacuum for 24 h. The red solid was
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tronsfered to o sublimation opporotus under a nitrogen atmosphere and 
sublimed (I65°C, 1 X 10'2 mmHg). The pentamethylcyclopentadiene 
titanium trichloride was collected and weighed to yield (4 30 gm, 1 49 X 
10"2 mol, 58.3JC).
Preparation of lCo#Til^06
This preparation was performed according to literature procedures 7 
Cp*TiClj (1.00 gm, 3 45 X 10"^ mol) was dissolved in toluene (100 ml).
Ammonium hydroxide (10 m l) and triethylamine (10 mL) were added in air 
and the reaction mixture was stirred 72 h. The yellow organic layer was 
filtered and dried over anhydrous sodium sulfate. The solvent was removed 
by rotary evaporation. The yellow solid was redissolved in toluene and 
eluted through a basic aluminum oxide column (15 gm). The solvent was 
removed by rotary evaporation and the solid was dried under vacuum The 
yellow solid was redissolved in toluene, filtered, and the product 
recyrstallized by slow evaporation of solvent to give (Cp'Ti^Og (0.4 gm,
4.83 X I O' 4 mol, 55.4*).
Anal, calcd C^HgQT^Og. C, 57.99; H, 7.30, Ti, 23 13.
Found. C, 58.13, H, 7.34; Ti, 23.24.
IR(nujol) (1000-400 cm *1) 785 (s), 635 (sh) cm' 1
*H NMR (CDCIj, 17°C) d 1.97 ppm.
Preparation of (CoTiClQ^ (Co = n5-C5H5)
This preparation is sim ilar to literature procedures.6
In a flask fitted  with a reflux condenser, CpTiClj (3.00 gm, 1.34 X 10' 2
mol) wos dissolved in ocetone end heated to reflux Deionized water (50 
mL) wos odded drop wise to the stirred solution and o yellow precipitate 
formed. The product wos collected, rinsed with ocetone, and oir dried to
yield (CpTiCI0)4 (2.21 gm, 3.25 X I0 ‘ 3 mol, 97 2*)
Preparation of Aq2Q
Silver nitrate (3 0 gm, 18 X I0 ' 2 mol) was dissolved in hot (60-70°C) 
deionized water (30 mL) and potassium hydroxide (I 2 gm, 2 I X I0 ‘ 2 mol) 
was added to the solution A brown-black solid precipitated from the 
reaction The solid was collected on a sintered glass f i lte r  and was rinsed 
thoroughly with deionized water to remove any remaining KOH The brown 
solid was transfered to a schlenk flask and dried under vacuum for 24 h to
yield Ag20 (1.95 gm, 8 15 X I0 *3 mol, 93 5%).
Reaction of (CpTiClO)^ with Aq20
The cyclopentadienyl substituted metal oxygen ring, (CpTiCI0)4, (0 5
gm, 7.0 X 10‘ 4 mol) was dissolved In tetrahydrofuran. Silver oxide (I 0 gm, 
4.3 X I O' 3 mol) was added and the reaction solution stirred 24 h The 
reaction solution was filtered via cannuia and the solvent removed form the 
red-brown solution under vacuum. A red-brown sticky oil remained Similar 
results were seen with toluene as solvent. NMR showed four major peaks 
with many minor peaks.
Analytical *H NMR (C0C13, 17°C) d 6.62, 6 59,6  58, 6 46 (major) ppm 
Reaction of Cd*T1C13 w ith Ag2Q
In a schlenk flask, Cp*TiClj (0.5 gm, I 75 X I0 ‘ 3 mol) was dissolved in
5toluene. Silver oxide (2.00 gm, 8.66 X 10"3 mol) was added to the stirred 
solution and put under nitrogen atmosphere The reaction mixture was 
stirred 24 h. The yellow-green solution was filtered via cannula and the 
solvent removed under vacuum in a room temperature water bath The 
yellow solid was dissolved in toluene, i eacted with a second portion of 
silver oxide (2 00 gm, 8.66 X I0 ‘ 3 mol), and stirred 24 h The solution was
filtered via cannula and purified sim ilarly for |Cp*Ti)406 Yellow 
|Cp*Ti)406 crystals were formed to give (0.10 gm, I 21 X 10'^m o l, 14 1*)
Analytical !H NMR (CDCIj, I7°C) d 1.97 (s) ppm
IR (nujol) (1000-400 cm" *) 785 (s), 635 (sh) cm" ’ 
Reaction of Cp*ZrC13 w ith Ag2Q
This reaction is performed under nitrogen atmosphere in schlenkware 
Pentamethylcyclopentadiene zirconium trichloride (0 5 gm, 15 X 10"3 mol) 
was dissolved in toluene ( 100ml) Silver oxide ( I 75 gm, 7 58 X I0 ' 3 mol) 
was added to the stirred solution. The reaction solution was stirred 24 h, 
filtered via cannula to another flask containing silver oxide (I 75 gm, 7 58 X 
I0 ”3 mol), and stirred an additional 24 h The reaction solution was 
filtered via cannula and the solvent removed under vacuum in a room 
temperature water bath. A yellow-green oil resulted. NMR showed many 
peaks in the spectra.
Analytical: NMR (COCIj, I7°C) d 2.13, 2.04, 2 10 (major) ppm
Results and Discussion
In the preparation of Cp^TiClj, Cp*Li is reacted w ith T iC lj 3THF, and
then oxidized with hydrochloric acid to give Cp*TICI3 In 58 3% yield
Pentamethylcyclopentadiene titanium trichloride was a dark red solid and 
stored in a nitrogen atmosphere drybox.
The iCp^Til^Og was prepared by the base hydrolysis of Cp T iC lj
according to equation 1.
4 Cp*TiCl3 + 12 NH^ OH --> |Cp*Ti|40g ♦ 12NH4C1 ♦ 6 OH' ( I)
The IR peaks seen at (785, 635 cm "1) are similar to those observed in other 
titanium-oxygen compounds." The complex is on adamantane like 
titanium-oxygen cage The elemental analysis as consistent with the 
calculated molecular formula. The appearance of only one peak in ’ h NMR 
indicates the Cp* groups are all symmetrically related Each titanium is 
bonded to one Cp ligand and the remaining coordination sites are involved 
in cage bonding through oxygen atoms.
(CpTiCI0)4 was reacted with silver oxide in on effort to remove
chlorine and prepare a new oxo complex 'H NMR spectra showed many peaks 
indicating the reaction was not simple and that the Cp ring may not remain 
irdinated to the metal. The number of equivalents of silver oxide was 
varied as was the solvent but sim ilar results were seen
In the case where the pentamethylcyclopentadiene ligand was 
bonded to titanium, it  appears to remain coordinated to the metal in the 
presence of silver oxide and produce oxide complexes. The reaction of 
Cp*TiC1j w ith silver oxide yielded yellow crystals of |Cp*Til406 according
to equation 2.
4 Cp*TiC13 ♦ 6 Aq20 --> (Cp*TiJ406 ♦ 12 AgCl (2)
7The yellow crystals that were recovered hod on IR spectro with peaks ot 
(785, 635 cm "') which is similar to the titanium-oxygen region observed in
|Cp*Ti)406 These crystals were obtained in 14 1* yield (0 1 gm , 121 X
I0"4 mol.) This reaction route is an alternative method to making the 
tetramer cage and may also be useful in making other orgenometal oxides 
which ere hydrolysis sensitive
Base hydrolysis of Cp ZrCI3 was shown to give comoounds with 
hydroxyl ligands. The reaction of silver oxide with Cp ZrCl3 yielded a
mixture of products as seen by 1H NhR hojor peaks were seen at <3 2.13,
2 04, 2.01 ppm and many smaller peaks were seen No products were 
isolated and further investigation is merited
CONCLUSIONS:
The base hydrolysis and reaction with Ag20 of Cp*TiCI3 gives
(Cp#Til40g. The introduction of oxo ligands to other metal halide systems
by reaction with Ag20 may provide an alternative method for the formation
of organometal oxide complexes as seen by preliminary reactions with 
Cp*ZrCI3.
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